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PARTI 


BIOVENTING  TEST  WORK  PLAN  FOR 
FORMER  FIRE  TRAINING  AREA  (FT-13) 
KIRTLAND  AFB,  NEW  MEXICO 


1.0  INTRODUCTION 

This  work  plan  presents  the  scope  of  an  in  situ  bioventing  pilot  test  for  treatment 
of  fuel-contaminated  soils  at  the  former  fire  training  area  at  Kirtland  Air  Force 
Base  (AFB),  New  Mexico.  The  pilot  test  has  three  primary  objectives:  1)  to  assess 
the  potential  for  supplying  oxygen  throughout  the  contaminated  soil  interval,  2)  to 
determine  the  rate  at  which  indigenous  microorganisms  will  degrade  fuel  when 
stimulated  by  oxygen-rich  soil  gas,  and  3)  to  evaluate  the  potential  for  sustaining 
these  rates  of  biodegradation  until  fuel  contamination  is  remediated  to 
concentrations  below  regulatory  standards. 

The  pilot  test  will  be  conducted  in  two  phases.  A  vent  well  (VW)  and  monitoring 
points  (MPs)  will  be  installed  during  site  investigation  activities.  The  initial  stage 
will  also  include  an  in  situ  respiration  test  and  an  air  permeability  test.  This  initial 
testing  is  expected  to  take  approximately  2  weeks.  During  the  second  phase,  a  pilot 
bioventing  system  will  be  installed  and  monitored  over  a  1-year  period. 

If  bioventing  proves  to  be  feasible  at  this  site,  pilot  test  data  could  be  used  to 
design  a  full-scale  remediation  system  and  to  estimate  the  time  required  for  site 
cleanup.  An  added  benefit  of  the  pilot  testing  at  the  fire  training  area  is  that  a 
significant  amount  of  the  fuel  contamination  should  be  biodegraded  during  the  1- 
year  pilot  test,  as  the  testing  will  take  place  within  the  most  contaminated  soils  at 
the  site. 

Additional  background  information  on  the  development  and  recent  success  of  the 
bioventing  technology  is  found  in  the  Test  Plan  and  Technical  Protocol  For  A  Field 
Treatability  Test  For  Bioventing  (Hinchee  et  al.,  1992).  This  protocol  document  will 
also  serve  as  the  primary  reference  for  pilot  test  well  designs  and  detailed 
procedures  which  will  be  used  during  the  test. 

2.0  SITE  DESCRIPTION 

The  majority  of  the  material  contained  in  this  section  is  taken  from  site 
characterization  reports  by  Engineering-Science,  Inc.  (ES)  (1981),  Science 
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Applications  International  Corporation  (SAIC)  (1985),  U.S.  Geological  Survey 
(1992),  and  U.S.  Geological  Survey  (1993). 

2.1  Site  Location  and  History 

The  former  fire  training  area  is  a  0.7-acre  site  located  near  the  western  boundary 
of  Kirtland  AFB,  about  600  feet  southwest  of  the  FAA  control  tower  (Figure  2.1). 
The  site  consists  of  a  400-foot  diameter  circular  graded  area  which  contains  a  65- 
foot  diameter  concrete  pad  surrounded  by  a  1.5-foot  high  earthen  berm  (Figure  2.2). 
The  concrete  pad  was  constructed  in  1976  and  contains  an  airplane  mockup  and  a 
jet  fuel  sprinkler  system.  Because  of  fire  training  activities,  the  concrete  pad  is 
heavily  degraded.  In  addition,  a  JP-4  fuel  storage  area  and  two  unlined  pits  are 
located  in  tl.e  fire  training  area.  The  pits  were  used  for  fire  training  and  disposal  of 
solvents  and  oils  generated  by  the  base  between  1952  and  1976.  According  to  base 
personnel,  solvents  and  oils  were  dumped  at  a  rate  of  one  to  two  55  gallon  drums 
per  month  during  this  period. 

Fire  training  exercises  during  the  late  1970’s  and  1980’s  generally  consisted  of 
spraying  the  mockup  aircraft  with  jet  fuel,  igniting  the  fuel,  and  extinguishing  the 
fire  with  aqueous  film  forming  foam  (AFFF).  After  a  fire  training  exercise,  residual 
liquids  were  allowed  to  infiltrate  and  evaporate.  Prior  to  construction  of  the 
concrete-lined  fire  training  area  in  1976,  fire  training  was  conducted  in  the  same 
area  using  unlined  pits.  A  pit  was  soaked  with  water  (to  minimize  fuel  infiltration) 
and  approximately  200  to  300  gallons  of  fuel  was  placed  in  the  pit,  ignited,  and 
extinguished  with  AFFF  foam.  The  residual  fuel  was  allowed  to  infiltrate  and 
evaporate.  The  last  fire  training  exercise  at  this  site  was  conducted  in  March  1990. 

22  Site  Geology 

Shallow  soils  at  the  former  fire  training  area  are  comprised  of  sand,  sandy  clay, 
and  clay  (Figure  2.3).  The  sands,  silts,  clays,  and  gravels  of  the  Sante  Fe  Formation 
underlie  the  shallow  soils  at  the  fire  training  area.  Ground  water  occurs  in  the 
Sante  Fe  Formation  at  a  depth  of  about  430  feet  below  ground  surface  (bgs)  and 
generally  flows  to  the  northeast. 

2.3  Site  Contaminants 

The  primary  contaminants  at  this  site  are  petroleum  hydrocarbons,  which  have 
been  detected  in  the  soils  at  depths  ranging  from  the  surface  to  approximately  20 
feet  bgs  (Figure  2.4).  The  greatest  petroleum  hydrocarbon  concentrations  occur 
immediately  adjacent  to  the  airplane  mockup.  Soil  samples  collected  from  soil 
boring  FTA-10  by  SAIC  (1985)  show  oil  and  grease  concentrations  of  1300  mg/Kg 
at  5  feet  bgs,  6500  mg/Kg  at  15  feet  bgs,  and  1200  mg/Kg  at  20  feet  bgs.  In 
addition,  a  soil  gas  survey  conducted  by  the  U.S.G.S.  in  1991,  shows  maximum  JP-4 
concentrations  near  soil  boring  FTA-10  and  extending  to  the  west;  being 
concentrated  in  the  area  beneath  the  concrete  pad. 

2.4  Manzano  Fire  Training  Area  FT-14 

The  Manzano  fire  training  area  is  located  within  the  Manzano  Base  compound 
north  of  the  Manzano  gate  (Figure  2.5).  The  site  consists  of  2  bum  pits  located 
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approximately  60  feet  apart.  Figure  2.6  shows  the  configuration  of  the  burn  pits. 
Both  pits  are  2  to  3  feet  deep,  with  earthen  berms  that  rise  1  to  2  feet  above  the 
surrounding  land  surface.  Information  on  the  procedures  used,  and  the  duration 
and  frequency  of  fire  training  exercises  conducted  at  this  site  is  limited.  Training 
procedures  probably  consisted  of  applying  water  to  the  fuel  pit  area,  igniting  the 
fuel,  and  extinguishing  the  fire  with  chemical  foam.  Because  of  the  relative  size  of 
the  facilities,  the  level  of  use  is  presumed  to  have  been  less  than  at  fire  training  area 
FT- 13. 

Little  geologic  or  contaminant  information  exists  for  this  site.  Surface  staining 
indicates  that  wood  burning  and  small  quantities  of  oil  and  fuels  were  burned  at  this 
site.  Because  of  the  age  of  the  contamination,  and  limited  burning  activities  which 
occurred  at  this  site,  the  potential  for  significant  hydrocarbon  contamination  is 
considered  low. 

To  screen  this  site  for  potential  bioventing  applications,  ES  will  conduct  a  brief 
soil  gas  survey  to  determine  if  soil  gas  has  been  depleted  of  oxygen  as  a  result  of 
ongoing  degradation  of  hydrocarbons.  Two  soil  gas  points  will  be  hand  driven  near 
the  center  of  each  burn  pit.  Soil  gas  will  be  analyzed  for  total  volatile  hydrocarbons, 
oxygen,  and  carbon  dioxide.  If  oxygen  levels  have  been  depleted  to  levels  below  two 
percent,  the  site  will  be  instrumented  for  a  bioventing  pilot  test  using  the  general 
test  layout  and  methods  described  in  Section  3. 

3.0  SITE  SPECIFIC  ACTIVITIES 

The  purpose  of  this  section  is  to  describe  the  work  that  will  be  performed  by  ES 
at  the  former  fire  training  area.  Activities  to  be  performed  include  siting  and 
construction  of  a  central  air  injection  well,  or  VW  and  four  vapor  MPs;  an  in  situ 
respiration  test;  an  air  permeability  test;  and  the  installation  of  a  long-term 
bioventing  pilot  test  system.  Soil  and  soil  gas  sampling  procedures  and  the  blower 
configuration  that  will  be  used  to  inject  air  (oxygen)  into  contaminated  soils  through 
the  VW  are  also  discussed  in  this  section.  No  dewatering  will  take  place  during  the 
pilot  test.  Pilot  test  activities  will  be  confined  to  unsaturated  soils  remediation. 
Because  of  the  great  depth  to  the  screened  interval  (approximately  400  feet), 
existing  ground  water  monitoring  wells  will  not  be  used  as  primary  air  injection  wells 
or  as  vapor  MPs. 

3.1  Site  Layout 

A  general  description  of  criteria  for  siting  a  central  VW  and  vapor  MPs  are 
included  in  the  protocol  document  (Hinchee  et  al.,  1992).  Figure  3.1  illustrates  the 
proposed  locations  of  the  central  VW  and  MPs  at  this  site.  The  final  locations  of 
these  wells  may  vary  slightly  from  the  proposed  locations  if  significant  fuel 
contamination  is  not  observed  in  the  boring  for  the  VW.  Based  on  site  investigation 
data,  the  central  VW  should  be  located  as  close  as  possible  to  the  aircraft  mockup, 
near  soil  boring  FT  A- 10.  Soils  in  this  area  are  expected  to  be  oxygen  depleted 
(<2%)  due  to  high  hydrocarbon  levels,  and  increased  biological  activity  should  be 
stimulated  by  oxygen-rich  soil  gas  ventilation  during  pilot  test  operations. 
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Due  to  the  relatively  shallow  depth  of  contamination  at  this  site  and  the 
experience  that  ES  has  had  with  similar  soil  types,  the  potential  radius  of  venting 
influence  around  the  central  air  injection  well  is  expected  to  be  20  to  30  feet.  Three 
vapor  MPs  (MPA,  MPB,  and  MPC)  will  be  located  within  a  30-foot  radial  distance 
of  the  central  VW.  A  fourth  MP  (MPD)  will  be  located  upgradient  of  the  site  and 
will  be  used  to  measure  background  levels  of  oxygen  and  carbon  dioxide  and  to 
determine  if  natural  carbon  sources  are  contributing  to  oxygen  uptake  during  the  in 
situ  respiration  test. 

3.2  Vent  Well 

The  VW  will  be  constructed  of  4-inch  inside-diameter  (ID)  schedule  40  PVC, 
with  a  20-foot  interval  of  0.02-inch  slotted  screen  set  at  5  to  25  feet  bgs.  The  depth 
of  the  VW  will  be  extended  if  significant  contamination  is  evident  below  25  feet. 
Flush-threaded  PVC  casing  and  screen  with  no  organic  solvents  or  glues  will  be 
used.  The  filter  pack  will  be  clean,  well-rounded  silica  sand  with  a  8-12  grain  size, 
and  will  be  placed  in  the  annular  space  of  the  screened  interval.  A  2-foot  layer  of 
bentonite  pellets,  hydrated  in  place  with  potable  water,  will  be  placed  directly  over 
the  filter  pack.  This  layer  of  pellets  will  prevent  the  addition  of  bentonite  slurry 
from  saturating  the  filter  pack.  A  bentonite/cement  grout  will  then  be  trended  into 
the  remaining  annular  space  above  the  bentonite  pellets  to  produce  an  air-tight  seal 
above  the  screened  interval.  A  complete  seal  is  critical  to  prevent  injected  air  from 
short  circuiting  to  the  surface  during  the  bioventing  test.  Figure  3.2  illustrates  the 
proposed  VW  construction  for  this  site. 

3.3  Monitoring  Points 

A  typical  multi-depth  vapor  MP  installation  for  this  site  is  shown  in  Figure  3.3. 
Soil  gas  oxygen  and  carbon  dioxide  concentrations  will  be  monitored  at  depth 
intervals  of  5-7  feet,  11-13  feet  and  18-20  feet  at  each  location.  Multi-depth 
monitoring  will  confirm  that  the  entire  soil  profile  is  receiving  oxygen  and  be  used  to 
measure  fuel  biodegradation  rates  at  each  depth.  Actual  monitoring  point  depths 
may  be  adjusted  to  correspond  with  actual  contaminated  soil  depths.  The  spaces 
between  monitoring  intervals  will  be  sealed  with  bentonite  to  isolate  the  intervals. 
As  with  the  central  VW,  several  inches  of  bentonite  pellets  will  be  used  to  shield  the 
filter  pack  from  rapid  infiltration  of  bentonite  slurry  additions.  Additional  details 
on  VW  and  MP  construction  are  found  in  Section  4  of  the  protocol  document. 

3.4  Handling  of  Drill  Cuttings 

Cuttings  will  be  collected  in  U.S.  Department  of  Transportation  (DOT)  approved 
containers.  The  containers  will  be  labeled,  and  then  placed  in  the  Kirtland  AFB 
hazardous  material  storage  area.  Drill  cuttings  will  become  the  responsibility  of 
Kirtland  AFB,  or  their  designated  contractor,  and  will  be  analyzed  and  disposed  of 
in  accordance  with  the  current  procedures  for  ongoing  remedial  investigations. 
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3.5  Soil  and  Soil  Gas  Sampling 

3.5.1  Soil  Samples 

Three  soil  samples  will  be  collected  from  the  pilot  test  area  during  the 
installation  of  the  VW  and  MPs.  Sampling  procedures  will  follow  those  outlined  in 
the  protocol  document.  One  sample  will  be  collected  from  the  most  contaminated 
interval  of  the  VW  boring,  and  one  sample  will  be  collected  from  the  interval  of 
highest  apparent  contamination  in  each  of  the  borings  for  the  two  MPs  closest  to  the 
VW.  Soil  samples  will  be  analyzed  for  TRPH,  benzene,  toluene,  ethylbenzene,  and 
xylenes  (BTEX),  soil  moisture,  pH,  particle  size,  alkalinity,  total  iron,  and  nutrients. 

Samples  for  TRPH  and  BTEX  analysis  will  be  collected  using  a  split-spoon 
sampler  containing  brass  tube  liners.  Soil  samples  collected  in  the  brass  tubes  for 
TRPH  and  BTEX  analyses  will  be  immediately  trimmed,  and  the  ends  will  be 
sealed  with  aluminum  foil  or  Teflon®  fabric  held  in  place  by  plastic  caps.  Soil 
samples  collected  for  physical  parameter  analyses  will  be  placed  into  glass  sample 
jars  or  other  appropriate  sample  containers  specified  in  the  base  sample  handling 
plan.  Soil  samples  will  be  labelled  following  the  nomenclature  specified  in  the 
protocol  document  (Section  5),  wrapped  in  plastic,  and  placed  in  a  cooler  for 
shipment.  A  chain-of-custody  form  will  be  filled  out,  and  the  cooler  will  be  shipped 
to  the  ES  laboratory  in  Berkeley,  California  for  analysis.  This  laboratory  has  been 
audited  by  the  Air  Force  and  meets  all  quality  assurance/quality  control  (QA/QC) 
and  certification  requirements  for  the  State  of  California. 

3.5.2  Soil  Gas  Samples 

A  total  hydrocarbon  vapor  analyzer  will  be  used  during  drilling  to  screen  split- 
spoon  samples  for  intervals  of  high  fuel  contamination.  Initial  soil  gas  samples  will 
be  collected  in  SUMMA®  canisters  in  accordance  with  the  Bioventing  Field  Sampling 
Plan  (Engineering-Science,  Inc.  1992)  from  the  VW  and  from  the  MPs  closest  to 
and  furthest  from  the  VW.  Additionally,  these  soil  gas  samples  will  be  used  to 
predict  potential  air  emissions,  to  determine  the  reduction  in  BTEX  and  total 
volatile  hydrocarbons  (TVH)  during  the  1-year  test,  and  to  detect  any  migration  of 
these  vapors  from  the  source  area. 

Soil  gas  sample  canisters  will  be  placed  in  a  small  cooler  and  packed  with  foam 
pellets  to  prevent  excessive  movement  during  shipment.  Samples  will  not  be  sent  on 
ice  to  prevent  condensation  of  hydrocarbons.  A  chain-of-custody  form  will  be  filled 
out,  and  the  cooler  will  be  shipped  to  the  Air  Toxics,  Inc.  laboratory  in  Rancho 
Cordova,  California  for  analysis. 

3.6  Blower  System 

A  2.5-horsepower  regenerative  blower  capable  of  injecting  air  at  30-40  scfm  will 
be  used  to  conduct  the  initial  air  permeability  test.  Figure  3.4  is  a  schematic  of  a 
typical  air  injection  system  used  for  pilot  testing.  The  maximum  power  requirement 
anticipated  for  this  pilot  test  is  230-volt,  single-phase,  30-amp  service.  Additional 
details  on  power  supply  requirements  are  described  in  Section  5.0,  Base  Support 
Requirements. 
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3.7  In  Situ  Respiration  Test 

The  objective  of  the  in  situ  respiration  test  is  to  determine  the  rate  at  which  soil 
bacteria  degrade  petroleum  hydrocarbons.  Respiration  tests  will  be  performed  at 
selected  MPs  where  bacteria  biodegradation  of  hydrocarbons  is  indicated  by  low 
oxygen  levels  and  elevated  carbon  dioxide  concentrations  in  the  soil  gas.  A  1  cfm 
pump  will  be  used  to  inject  air  into  the  selected  MP  depth  intervals  containing  low 
levels  (<2%)  of  oxygen.  A  20-hour  air  injection  period  will  be  used  to  oxygenate 
local  contaminated  soils.  At  the  end  of  the  20-hour  air  injection  period,  the  air 
supply  will  be  cut  off,  and  oxygen  and  carbon  dioxide  levels  will  be  monitored  for 
the  following  48  to  72  hours.  The  decline  in  oxygen  and  increase  in  carbon  dioxide 
concentrations  over  time  will  be  used  to  estimate  rates  of  bacterial  degradation  of 
fuel  residuals.  Helium  will  also  be  injected  at  two  MPs  to  estimate  oxygen  loss  due 
to  diffusion  rather  than  biological  respiration.  Additional  details  on  the  in  situ 
respiration  test  are  found  in  Section  5.7  of  the  protocol  document. 

3.8  Air  Permeability  Test 

The  objective  of  the  air  permeability  test  is  to  determine  the  extent  of  the 
subsurface  that  can  be  oxygenated  using  one  air  injection  VW.  Air  will  be  injected 
into  the  4-inch-diameter  VW  at  30-40  scfm  using  the  blower  unit,  and  pressure 
response  will  be  measured  at  each  MP  with  differential  pressure  gauges  to 
determine  the  region  influenced  by  the  unit.  Oxygen  will  also  be  monitored  in  the 
MPs  to  verify  that  oxygen  levels  in  the  soil  increase  as  the  result  of  air  injection. 
One  air  permeability  test  lasting  4  to  8  hours  will  be  performed.  Additional  details 
on  the  air  permeability  test  are  found  in  Section  5.6.2  of  the  protocol  document. 

3.9  Installation  of  1-Year  Pilot  Test  Bioventing  System 

Long-term  bioventing  systems  will  be  installed  at  the  former  fire  training  area. 
The  base  will  be  requested  to  provide  support  to  an  ES  subcontractor  in  obtaining 
the  necessary  power  at  the  site,  including  230-volt,  30-amp,  single-phase  service  and 
a  breaker  box  with  one  230-volt  receptacle  and  two  110-volt  receptacles.  Depending 
on  the  availability  of  a  base  electrician,  a  base  electrician  or  a  licensed  electrician 
subcontracted  to  ES  will  assist  in  wiring  the  blowers  to  line  power.  The  blower  will 
be  housed  in  a  small,  prefabricated  shed  to  provide  protection  from  the  weather. 
The  system  will  be  in  operation  for  1  year,  and  every  6  months  ES  personnel  will 
conduct  in  situ  respiration  tests  to  monitor  the  long-term  performance  of  this 
bioventing  system.  Weekly  system  checks  will  be  performed  by  Kirtland  AFB 
personnel.  If  required,  major  maintenance  of  the  blower  unit  will  be  performed  by 
ES-Denver  personnel.  Detailed  blower  system  information  and  a  maintenance 
schedule  will  be  included  in  the  operation  and  maintenance  (O&M)  manual 
provided  to  the  base.  More  detailed  information  regarding  the  test  procedures  can 
be  found  in  the  protocol  document. 

4.0  EXCEPTIONS  TO  PROTOCOL  PROCEDURES 

The  procedures  that  will  be  used  to  measure  the  air  permeability  of  the  soil  and 
in  situ  respiration  rates  are  described  in  Sections  4  and  5,  respectively,  of  the 
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protocol  document  (Hinchee  et  al.,  1992).  No  exceptions  to  the  protocol  are 
anticipated. 

5.0  BASE  SUPPORT  REQUIREMENTS 

The  following  base  support  is  needed  prior  to  the  arrival  of  the  drilling 
subcontractor  and  the  ES  pilot  test  team: 

•  Assistance  in  obtaining  drilling  and  digging  permits. 

•  Provide  support  to  an  ES  electrical  subcontractor  to  establish  power  at  the 
site.  Power  requirements  include  230-volt,  30-amp,  single-phase  service  and  a 
breaker  box  with  one  230-volt  receptacle  and  two  110-volt  receptacles. 

•  Provision  of  any  paperwork  required  to  obtain  gate  passes  and  security  badges 
for  approximately  three  ES  employees,  two  drillers,  and  an  electrician  (if  a 
base  electrician  is  not  available).  Vehicle  passes  will  be  needed  for  one  truck 
and  trailer,  and  a  drill  rig. 

During  the  initial  testing,  the  following  base  support  is  needed: 

•  Twelve  square  feet  of  desk  space  and  a  telephone  in  a  building  located  as 
close  to  the  site  as  practical. 

•  The  use  of  a  facsimile  machine  for  transmitting  15  to  20  pages  of  test  results. 

•  A  decontamination  pad  where  the  driller  can  clean  augers  between  borings. 

•  Acceptance  of  responsibility  for  drill  cuttings  from  VW  and  MP  borings, 
including  any  drum  sampling  to  determine  hazardous  waste  status.  (If  ES  is  to 
transfer  custody  of  barrels  to  another  contractor  working  on  the  base, 
assistance  in  arranging  this  transfer  will  also  be  needed.) 

During  the  1-year  extended  pilot  test,  base  personnel  will  be  required  to  perform 
the  following  activities: 

•  Check  the  blower  system  once  per  week  to  ensure  that  it  is  operating  and  to 
record  the  air  injection  pressure.  ES  will  provide  a  brief  training  session  on 
this  procedure. 

•  If  the  blower  stops  working,  notify  Mr.  Todd  Wiedemeier  or  Mr.  Doug 
Downey  of  ES-Denver,  (303)  831-8100;  or  Mr.  Jim  Williams  of  AFCEE,  (210) 
536-5246. 

•  Arrange  site  access  for  an  ES  technician  to  conduct  in  situ  respiration  tests  at 
approximately  6  months  and  1  year  after  the  initial  pilot  test. 

6.0  PROJECT  SCHEDULE 

The  following  schedule  is  contingent  upon  approval  of  this  pilot  test  work  plan 
and  completion  of  base  support  requirements. 


A7-20-1 


1-17 


Event 


Date 


Draft  Test  Work  Plan  to  AFCEE/Kirtland  AFB  10  February  1993 


Begin  Initial  Pilot  Test 


Interim  Results  Report 


Respiration  Test 


Final  Respiration  Test 


7.0  POINTS  OF  CONTACT 

Mr.  Harry  Davidson 
377th  ABW/EM 
2000  Wyoming  S.E. 

Kirtland  AFB,  NM  87117 
(505)  846-2773 

Mr.  Jim  Williams 
AFrFF/FSC 

Brooks  AFB,  TX  78235-5000 
(210)  536-5246 

Mr.  Todd  Wiedemeier/Mr.  Doug  Downey 
Engineering-Science,  Inc. 

1700  Broadway,  Suite  900 
Denver,  CO.  80290 
(303)  831-8100 
Fax  (303)  831-8208 
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PART  II 


DRAFT 

INTERIM  PILOT  TEST  RESULTS  REPORT 
FOR  FORMER  FIRE  TRAINING  AREA  (FT-13) 
KIRTLAND  AFB,  NEW  MEXICO 


An  initial  bioventing  pilot  test  was  completed  at  former  Fire  Training  Area  FT- 
13  at  Kirtland  Air  Force  Base  (AFB),  New  Mexico  during  the  period  5  April 
through  12  April  1993.  The  purpose  of  Part  II  of  this  report  is  to  describe  the 
results  of  the  initial  pilot  test  at  FT-13  and  to  make  specific  recommendations  for 
extended  testing  to  determine  the  long-term  impact  of  bioventing  on  site 
contaminants.  Descriptions  of  the  history,  geology,  and  contamination  at  Site  FT-13 
are  contained  in  Part  I  of  this  report,  the  Bioventing  Pilot  Test  Work  Plan.  These 
descriptions  are  based  on  the  results  of  previous  investigations  at  the  site. 
Descriptions  of  the  geology  and  contamination  at  the  site  based  on  the  findings  of 
the  current  investigation  are  included  in  this  part  of  the  report. 

In  addition  to  the  activities  performed  at  FT-13,  preliminary  soil  gas  screening 
activities  were  performed  and  an  air  injection  vent  well  (VW)  was  installed  at  the 
former  Manzano  Fire  Training  Area  FT- 14.  After  additional  soil  gas  surveys  were 
conducted  at  the  Manzano  site,  it  was  determined  that  further  site  characterization 
was  necessary  before  a  pilot-scale  bioventing  system  could  be  installed.  The 
activities  performed  at  the  Manzano  site  are  described  in  Sections  1.1.2  and  2.1.2. 

1.0  PILOT  TEST  DESIGN  AND  CONSTRUCTION 

Installation  of  a  VW,  three  vapor  monitoring  points  (MPs),  and  a  background 
MP  took  place  at  FT-13  on  5  April  and  6  April  1993.  Drilling  services  were 
provided  by  Enviro-Drill,  Inc.  of  Albuquerque,  New  Mexico.  Well  installation  and 
soil  sampling  activities  were  directed  by  the  Engineering-Science,  Inc.  (ES)  site 
manager,  Mr.  Todd  Wiedemeier.  The  following  sections  describe  the  installation  of 
the  pilot-scale  bioventing  system  at  site  FT-13  and  the  installation  of  a  VW  at  FT- 
14.  Descriptions  of  the  final  system  configuration  and  as-built  drawings  of  the 
blower  system,  the  VW,  the  MPs  (MPA,  MPB,  and  MPC),  and  the  background  MP 
(MPD)  at  FT-13  are  included  in  this  section. 

One  VW,  three  MPs,  one  background  MP,  and  one  blower  unit  were  installed  at 
Site  FT-13.  Figure  1.1  shows  the  location  of  pilot  test  system  components.  Figure 
1.2  is  a  geologic  section  prepared  from  lithologic  logs  compiled  during  bioventing 
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system  installation.  The  MPs  and  VW  boring  logs  used  to  compile  this  section  are 
included  in  Appendix  A. 

1.1  Air  Injection  Vent  Wells 

1.1.1  Air  Injection  Vent  Well  at  FT-13 

The  air  injection  VW  (VW-1)  at  FT-13  was  installed  following  the  procedures 
described  in  the  Air  Force  Center  for  Environmental  Excellence  (AFCEE) 
bioventing  protocol  document  (Hinchee  et  al.,  1992).  Figure  1.3  shows  construction 
details  for  VW-1.  The  VW  was  installed  in  highly  contaminated  soils,  with  the 
screened  interval  extending  from  5  feet  below  ground  surface  (bgs)  to  30  feet  bgs. 
The  VW  was  constructed  using  4-inch-diameter,  schedule  40  polyvinyl  chloride 
(PVC)  casing,  with  25  feet  of  0.02-inch  slotted  schedule  40  PVC  screen.  The 
annular  space  between  the  well  casing  and  borehole  was  filled  with  8-12  sieve  size 
Colorado  silica  sand  from  the  bottom  of  the  borehole  to  approximately  1  foot  above 
the  well  screen.  Twenty  inches  of  sodium  bentonite  pellets  were  placed  above  the 
sand.  To  obtain  a  good  seal,  the  bentonite  was  hydrated  in  place  in  6-inch  lifts. 
Concrete  was  placed  above  the  sodium  bentonite  seal  and  extends  to  the  surface. 
The  top  of  the  well  extends  approximately  2  feet  above  grade  and  was  completed 
with  a  4-inch-diameter  PVC  tee  with  a  screw  cap  to  allow  future  access  to  the  well. 

1.1.2  Air  Injection  Vent  Well  at  Manzano  Site  (FT-14) 

Based  on  the  results  of  a  preliminary  soil  gas  survey  at  the  Manzano  site  (Section 
2. 1.2.2),  an  air  injection  VW  (VW-2)  was  installed  following  the  procedures 
described  in  the  AFCEE  bioventing  protocol  document  (Hinchee  et  al.,  1992). 
Figure  1.4  shows  the  location  of  VW-2,  which  was  installed  in  the  western-most  of 
two  fire  training  pits.  Figure  1.5  shows  construction  details  for  VW-2.  The  VW  was 
installed  in  contaminated  soils  with  the  screened  interval  extending  from  9  to  29  feet 
bgs.  The  VW  was  constructed  using  4-inch-diameter,  schedule  40  PVC  casing,  with 
20  feet  of  0.02-inch  slotted  schedule  40  PVC  screen.  The  annular  space  between  the 
well  casing  and  borehole  was  filled  with  8-12  sieve  size  Colorado  silica  sand  from 
the  bottom  of  the  borehole  to  approximately  2  feet  above  the  well  screen.  Three 
feet  of  sodium  bentonite  pellets  were  placed  above  the  sand.  To  obtain  a  good  seal, 
the  bentonite  was  hydrated  in  place  in  6-inch  lifts.  Concrete  was  placed  above  the 
sodium  bentonite  seal  and  extends  to  the  surface.  The  top  of  the  well  extends 
approximately  1  foot  above  grade  and  was  capped  with  a  PVC  slip  cap  to  allow 
future  access  to  the  well.  No  additional  bioventing  system  components  were 
installed  at  the  Manzano  site. 

1.3  Vapor  Monitoring  Points  (FT-13) 

The  vapor  MP  screens  for  MPA,  MPB,  and  MPC  were  installed  at  6-,  15-,  and  24- 
foot  depths.  Figure  1.6  shows  the  construction  details  for  these  MPs.  Each  was 
constructed  using  a  6-inch  section  of  1 -inch-diameter  PVC  well  screen  and  a  0.25- 
inch  schedule  80  PVC  riser  pipe  extending  to  the  ground  surface.  At  the  top  of  each 
riser,  a  ball  valve  and  a  3/ 16-inch  hose  barb  were  installed.  The  top  of  each  MP  was 
completed  with  a  flush-mounted  metal  well  protector  set  in  a  concrete  base. 
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Thermocouples  were  installed  at  the  6-  and  24-foot  depths  at  MPA  to  measure  soil 
temperature  variations. 

A  multi-depth  background  MP  (MPD)  screened  at  approximately  6,  15,  and  21.5 
feet  bgs  was  placed  150  feet  southwest  of  the  VW  (Figure  1.7).  This  MP  was 
constructed  using  a  6-inch  section  of  1 -inch-diameter  PVC  well  screen  and  a  0.25- 
inch  PVC  riser  pipe  extending  to  the  ground  surface.  At  the  top  of  each  riser,  a  ball 
valve  and  a  3/ 16-inch  hose  barb  were  installed.  The  top  of  MPD  was  completed 
with  a  flush-mounted  metal  well  protector  set  in  a  concrete  base.  Figure  1.7  shows 
the  construction  details  for  MPD. 

1.4  Blower  Unit  (FT-13) 

A  1-horsepower  Gast®  regenerative  blower  unit  was  used  for  the  initial  pilot  test, 
and  was  installed  at  the  Site  FT-13  for  the  extended  pilot  test.  The  unit  is  powered 
by  230-volt,  single-phase,  30-amp  line  power  from  a  newly  installed  breaker  box. 
The  1-horsepower  extended  pilot  test  blower  was  configured  to  inject  approximately 
40  standard  cubic  feet  per  minute  (scfm)  for  the  extended  pilot  test.  The 
configuration,  instrumentation,  and  specifications  for  the  initial  pilot  test  and 
extended  pilot  test  units  are  shown  on  Figure  3.5  (Part  I)  and  Figure  1.8, 
respectively.  Prior  to  departing  from  the  site,  ES  engineers  provided  operations  and 
maintenance  (O&M)  instructions  and  blower  maintenance  manual  to  base 
personnel.  A  copy  of  the  instructions  is  provided  in  Appendix  B. 

2.0  PILOT  TEST  SOIL  AND  SOIL  GAS  SAMPLING  RESULTS 

2.1  Sampling  Results 

This  section  presents  the  results  of  sampling  activities  at  FT-13  and  the  Manzano 
fire  training  area  FT-14. 

2.1.1  Sampling  Results  for  FT-13 

2.1.1.1  Soil  Sampling 

Shallow  soils  at  this  site  consist  of  a  5-  to  10-foot  interval  of  light  brown,  silty  and 
sandy,  damp,  cohesive  clay  (Figure  1.2)  with  a  strong  hydrocarbon  odor  and  patches 
of  black  hydrocarbon  staining.  This  material  grades  downward  into  a  15-  to  20-foot 
thick  sequence,  coarsening  downward  with  light  reddish-brown  silt  near  the  top  of 
the  interval  and  clayey  and  silty  medium-  to  coarse-grained  sand  near  the  base. 
These  silts  and  sands  are  damp,  have  a  moderate  to  strong  petroleum  hydrocarbon 
odor,  and  have  a  sharp  contact  with  underlying  gravel  deposits.  Underlying  the  silts 
and  sands  is  a  2-foot-thick  interval  of  reddish-brown,  very  poorly  sorted,  damp,  silty 
and  sandy  gravel  with  a  weak  to  moderate  petroleum  hydrocarbon  odor.  These 
gravels  are  abruptly  underlain  by  reddish-brown,  clayey  silt  to  very  fine-grained  sand 
of  indeterminate  thickness.  Near  the  VW,  this  sediment  had  no  hydrocarbon  odor. 
Figure  1.2  is  a  geologic  section  which  graphically  illustrates  the  stratigraphic 
relationships  between  the  shallow  soils  at  site  FT-13.  The  location  of  this  section  is 
shown  on  Figure  1.1.  Boring  logs  from  boreholes  drilled  at  site  FT-13  are  included 
in  Appendix  A. 
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Near  the  VW,  hydrocarbon  contamination  appears  to  be  confined  to  the  upper  30 
feet  of  soil.  In  general,  the  total  depth  of  contamination  appears  to  increase 
outward  from  the  VW  until  a  distance  of  approximately  25  feet,  at  which  point  the 
level  of  contamination  begins  to  decrease  (Figure  1.2)  Contaminated  soils  were 
identified  based  on  visual  appearance,  odor,  and  volatile  organic  compound  (VOC) 
field  screening  results.  With  the  exception  of  the  background  MP,  heavily 
contaminated  soils  were  encountered  in  the  VW  and  all  MP  boreholes. 

Soil  samples  for  laboratory  analysis  were  collected  from  split-spoon  samplers  and 
immediately  transferred  to  brass  sample  containers.  Soil  samples  were  screened  for 
VOCs  using  a  photoionization  detector  (PID)  and  the  headspace  procedure  to  help 
quantify  the  presence  of  contamination.  The  headspace  procedure  consists  of  filling 
a  glass  jar  approximately  75  percent  full  with  a  portion  of  the  soil  sample  collected 
using  the  split-spoon  sampler  and  covering  the  jar  with  aluminum  foil.  The  sample 
is  kept  at  a  constant  temperature  of  approximately  70  degrees  Fahrenheit  for  2 
hours  to  allow  the  contained  soil-liquid-vapor  system  to  attain  equilibrium.  The 
aluminum  foil  is  then  punctured  with  the  probe  on  a  PID  and  the  vapor-phase  VOC 
content  of  the  sample’s  headspace  is  measured  and  recorded.  The  results  of  these 
PID  headspace  tests  are  presented  on  Figure  1.2. 

Soil  samples  for  laboratory  analysis  were  collected  from  a  depth  of  2  to  4  feet  bgs 
in  the  VW,  2  to  4  feet  bgs  in  MPA,  5  to  7  feet  bgs  in  MPB,  and  15  to  17  feet  bgs  in 
MPD.  Soil  samples  were  shipped  via  Federal  Express®  to  the  Pace,  Inc.  laboratory 
in  California  for  chemical  and  physical  analyses.  Soil  samples  were  analyzed  for 
total  recoverable  petroleum  hydrocarbons  (TRPH);  benzene,  toluene,  ethylbenzene, 
and  xylenes  (BTEX);  iron;  alkalinity;  total  Kjeldahl  nitrogen  (TKN);  and  several 
physical  parameters.  The  results  of  these  analyses  are  presented  in  Table  2.1. 

2.1.1.2  Soil  Gas  Sampling 

Soil  gas  samples  were  collected  by  extracting  soil  gas  from  the  completed  VW, 
from  the  14-  to  16-foot  interval  in  MPA,  and  from  the  23-  to  25-foot  interval  in 
MPC.  Soil  gas  samples  were  shipped  via  Federal  Express®  to  Air  Toxics,  Inc.  in 
Rancho  Cordova,  California  for  total  volatile  hydrocarbon  (TVH)  and  BTEX 
analyses.  The  results  of  these  analyses  are  presented  in  Table  2.1. 

2.1.2  Sampling  Results  for  FT-14 

2.1.2.1  Soil  Sampling 

Based  on  limited  soil  sampling  (one  borehole),  shallow  soils  at  the  Manzano  site 
consist  of  22  feet  of  brown,  clayey,  silty,  and  sandy  gravel  with  a  5-foot-thick 
interbed  of  brown,  silty,  sandy,  and  gravelly  clay.  Tbe  first  6  inches  of  this  soil 
contains  an  oily  black  sludge  which  has  a  strong  petroleum  odor.  These  deposits  are 
underlain  by  a  reddish  brown  clayey,  sandy,  and  gravelly  silt  of  indeterminate 
thickness.  Boring  logs  from  boreholes  drilled  at  site  FT- 13  are  included  in 
Appendix  A. 

Near  VW-2,  hydrocarbon  contamination  appears  to  be  confined  to  the  upper  30 
feet  of  soil.  Contaminated  soils  were  identified  based  on  visual  appearance,  odor, 
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TABLE  2.1 

SOIL  AND  SOIL  GAS  ANALYTICAL  RESULTS 
FORMER  FIRE  TRAINING  AREA  (FT-13) 
KIRTLAND  AFB,  NEW  MEXICO 


Analyte  (Units)* 

Sample  Location-Depth 
(feet  below  ground  surface) 

Soil  Hydrocarbons 

VW  (15-17') 

MPA  (2-4') 

MPB  (5-7') 

MPC  (10-12’) 

MPD  (15-17') 

TRPH  (mg/kg) 

6,534 

1,200 

1,338 

ND** 

ND 

Benzene  (mg/kg) 

ND 

ND 

ND 

ND 

ND 

Toluene  (mg/kg) 

13 

3.4 

20 

7 

0.0016 

Ethylbenzene  (mg/kg) 

18 

5.8 

14 

ND 

0.0004 

Xylenes  (mg/kg) 

110 

38 

80 

12 

ND 

Soil  Organic  Compounds*** 

MPC  (10-12*) 

Acetone  (ug/Kg) 

320 

2-Butanone  (ug/Kg) 

140 

2-Hexanone  (ug/Kg) 

7 

4-Methyl-2-pentanone  (ug/Kg) 

29 

Toluene  (ug/Kg) 

7 

Total  Xylenes  (ug/Kg) 

12 

Soil  Inorganics 

VW  (15-17) 

MPA  (2-4’) 

MPB  (5-7') 

MPC  (10-12*) 

MPD  (15-17') 

Iron  (mg/kg) 

10,000 

6,440 

13,000 

14,900 

11,600 

Alkalinity 

(mg/kg  as  CaC03) 

290 

330 

390 

460 

240 

pH  (standard  units) 

8.4 

8.1 

8.4 

8.6 

8.3 

TKN  (mg/kg) 

NA**** 

63 

59 

66 

44 

Phosphates  (mg/kg) 

NS 

210 

350 

310 

330 

Soil  Physical  Parameters 

VW  (15-17') 

MPA  (2-4') 

MPB  (5-7') 

MPC  (10-12*) 

MPD  (15-17’) 

Moisture  (wt.  %) 

7.6 

16.1 

10.7 

10.4 

6.5 

Gravel  (%) 

NA 

1.6 

1.3 

0.5 

3.9 

Sand  (%) 

NA 

8.4 

46 

51 

65 

Silt  (%) 

NA 

42.5 

30 

29 

27 

Clay  (%) 

NA 

37.5 

22.7 

19.5 

4.1 

Soil  Gas  Hydrocarbons 

VW  (5-30*) 

MPA  (15’) 

MPC  (24’) 

TVH  (ppmv) 

870 

16,000 

22,000 

Benzene  (ppmv) 

0.63 

45 

12 

Toluene  (ppmv) 

5.7 

110 

53 

Ethylbenzene  (ppmv) 

1.8 

9.1 

14 

Xylenes  (ppmv) 

7.2 

33 

63 

Soil  Temperature  (deg  F) 

MPA  (6') 

MPA  (24’) 

54.6 

62.1 

*  TRPH=total  recoverable  petroleum  hydrocarbons;  mg/kg=milligrams  per  kilogram;  TVH=total  volatile 
hydrocarbons;  ppmv=parts  per  million,  volume  per  volume;  CaC03=calcium  carbonate;  TKN=total 
Kjeldahl  nitrogen. 

**  ND=not  detected. 

***  By  GC/MS  Method  8240. 

****  NA=not  analyzed. 


and  VOC  field  screening  results.  Contaminated  soils  were  encountered  to  a  depth 
of  approximately  28  feet  in  VW-2. 

Soil  samples  for  laboratory  analysis  were  collected  from  split-spoon  samplers  and 
immediately  transferred  to  brass  sample  containers.  Soil  samples  were  screened  for 
VOCs  using  the  headspace  procedure  described  above  in  Section  2.1. 1.1  to  help 
quantify  the  presence  of  contamination.  The  results  of  these  headspace  tests  are 
included  on  the  boring  log  presented  in  Appendix  A. 

One  soil  sample  for  laboratory  analysis  was  collected  from  a  depth  of  2  to  4  feet 
bgs  in  VW-2.  This  sample  was  shipped  via  Federal  Express®  to  the  Pace,  Inc. 
laboratory  for  chemical  and  physical  analyses.  This  soil  sample  was  analyzed  for 
TRPH;  BTEX;  iron;  alkalinity;  TKN;  and  several  physical  parameters.  The  results 
of  these  analyses  are  presented  in  Table  2.2. 

2.1.2.2  Soil  Gas  Survey  (FT- 14) 

Limited  soil  gas  surveying  was  conducted  at  the  Manzano  fire  training  area  FT- 14 
to  help  determine  the  extent  of  natural  degradation  occurring  at  the  site.  Soil  gas 
surveys  were  conducted  at  this  site  in  two  phases.  Phase  one  was  limited  to  taking 
soil  gas  samples  at  three  points.  The  low  oxygen  levels  found  in  the  western  fire 
training  pit  indicated  that  biodegradation  of  fuel  hydrocarbons  was  probably 
occurring  (points  C  and  D  in  Figure  1.4  and  Table  2.2).  To  help  determine  the 
magnitude  and  vertical  extent  of  contamination  at  this  site,  an  exploratory  borehole 
was  drilled.  Soil  sampling  performed  during  the  drilling  of  this  boring  indicated  that 
contamination  at  FT-14  was  potentially  limited  in  vertical  extent  (Appendix  A). 
However,  because  the  borehole  was  in  the  area  of  highest  known  contamination, 
VW-2  was  installed  at  the  Manzano  site.  After  the  VW  was  installed,  phase  two  soil 
gas  surveying  was  conducted  to  help  delineate  the  lateral  extent  of  contamination. 
The  results  of  this  phase  of  soil  gas  sampling  suggested  that  the  contamination 
present  at  FT-14  is  potentially  of  such  limited  extent  that  bioventing  is  not 
warranted  (points  A,  B,  E,  and  F  in  Figure  1.4  and  Table  2.2).  For  this  reason, 
additional  drilling  activities  were  suspended  pending  the  results  of  additional  site 
characterization  activities  scheduled  for  this  site. 

2.2  Exceptions  To  Test  Protocol  Document  Procedures  and  the  Part  I  Work  Plan 

Procedures  described  in  the  protocol  document  (Hinchee  et  al.,  1992)  were  used 
to  complete  the  pilot  test  at  Site  FT-13.  Exceptions  to  the  protocol  document 
include: 

•  Bentonite  seals  in  the  MPs  were  hydrated  in  place  instead  of  using  a 
bentonite  slurry  to  assure  long-term  integrity  of  the  seals. 

•  At  the  request  of  the  EPA,  respiration  tests  will  be  conducted  4  times  per 
year. 

•  In  order  to  better  define  soil  contamination,  headspace  tests  were  conducted 
on  the  majority  of  the  soil  samples.  The  headspace  test  was  not  conducted  if 
the  amount  of  soil  collected  during  sampling  was  prohibitively  small. 
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*  TRPH=total  recoverable  petroleum  hydrocarbons;  mg/kg=milligrams  per  kilogram;  TVH=total  volatile  hydrocarbons;  ppmv  =  parts  per  million, 
volume  per  volume;  CaC03=calcium  carbonate;  TKN=total  Kjeldahl  nitrogen. 

**  ND=not  detected. 

***  NS=not  sampled. 


•  To  confirm  that  the  source  of  contamination  was  dominantly  JP-4,  EPA 
Method  8240  was  run  on  one  soil  sample  collected  from  FT- 13. 

Procedures  described  in  the  Part  I  Work  Plan  were  used  to  complete  the  pilot 
test  at  sites  FT- 13  and  FT- 14.  Exceptions  to  the  work  plan  document  include: 

•  The  extent  of  work  completed  at  FT-14  was  limited  to  a  soil  gas  survey  and 
installation  of  a  VW  (VW-2). 

•  The  VW  at  site  FT-13  went  deeper  than  specified  in  the  work  plan  because 
contamination  was  observed  at  a  greater  depth  than  anticipated.  Because  of 
this,  the  MPs  also  went  deeper  than  planned. 

•  The  results  of  headspace  testing  indicate  that  small  amounts  of  contamination 
may  be  present  in  MPD.  Laboratory  analysis  of  soil  from  this  borehole 
indicate  that  contamination  is  minimal  at  the  15-17  foot  depth  interval. 

2.3  Field  QA/QC  Results 

Field  quality  assurance/quality  control  (QA/QC)  samples  were  not  collected  or 
required  at  FT-13  or  FT-14. 

3.0  PILOT  TEST  RESULTS 

3.1  Initial  Soil  Gas  Chemistry 

Prior  to  initiating  any  air  injection,  all  MPs  were  purged  until  oxygen  levels  had 
stabilized,  and  initial  oxygen,  carbon  dioxide,  and  TVH  concentrations  were 
sampled  using  portable  gas  analyzers,  as  described  in  the  technical  protocol 
document  (Hinchee  et  al.,  1992).  At  MP  screened  intervals  MPA- 15,  MPB-24, 
MPC-15,  and  MPC-24,  microorganisms  had  depleted  soil  gas  oxygen  supplies, 
indicating  significant  soil  contamination.  Table  3.1  summarizes  the  initial  soil  gas 
chemistry.  Based  on  initial  oxygen  levels,  it  appears  that  there  are  both  aerobic  and 
anaerobic  conditions  beneath  the  site,  and  that  air  injection  is  required  to  more 
uniformly  oxygenate  these  soils. 

3.2  Air  Permeability 

An  air  permeability  test  was  conducted  according  to  protocol  document 
procedures.  Air  was  injected  into  VW-1  for  2.33  hours  at  a  rate  of  approximately  62 
scfm  and  an  average  pressure  of  18  inches  of  water.  The  pressure  response  at  each 
MP  is  shown  in  Table  3.2.  The  pressure  measured  at  the  MPs  increased  gradually 
during  the  period  of  air  injection  and  reached  maximum  pressure  within 
approximately  1  hour.  Using  the  FlyperVentilate®  model,  soil  gas  permeability 
values  of  between  21  and  45  darcys,  typical  for  sandy  soils,  were  calculated  for  this 
site.  A  radius  of  pressure  influence  of  at  least  30  feet  was  observed  at  the  15-,  and 
24-foot  depths. 

3.3  Oxygen  Influence 

The  depth  and  radius  of  oxygen  increase  in  the  subsurface  resulting  from  air 
injection  into  the  central  VW  during  pilot  testing  is  the  primary  design  parameter 
for  full-scale  bioventing  systems.  Optimization  of  full-scale  and  multiple  VW 
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TABLE  3.1 

INITIAL  SOIL  GAS  CHEMISTRY 
FORMER  FIRE  TRAINING  AREA  (FT-13) 
KIRTLAND  AFB,  NEW  MEXICO 


MP 

Depth  (ft) 

02  (%) 

C02(%) 

Field 

TVH 

(ppmv) 

Lab 

TVH 

(ppmv) 

TRPH 

(mg/kg) 

VW 

5-30 

20.0 

0.7 

520 

870 

6,534 

A 

6 

20.0 

0.5 

800 

NSa/ 

7,869 

B 

6 

20.0 

0.5 

1,700 

NS 

1,338 

CL/ 

6 

10.0 

4.5 

5,000 

NS 

NS 

Db/ 

6 

20.8 

0.05 

280 

NS 

NS 

A 

15 

0.8 

13.0 

7,200 

16,000 

NS 

B 

15 

10.0 

5.0 

6,000 

NS 

NS 

C 

15 

1.5 

12.5 

7,000 

NS 

NS  . 

D 

15 

20.2 

0.4 

260 

NS 

NDC/ 

A 

24 

14.0 

6.5 

6,000 

NS 

NS 

B 

24 

3.5 

14.0 

13,000 

NS 

NS 

C 

24 

1.5 

14.0 

10,000 

22,000 

NS 

D 

21.5 

20.0 

0.6 

600 

NS 

NS 

NS  =  not  sampled 
b/  Background  well  at  Site  FT-13 
c/  ND  =  not  detected 
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systems  requires  pilot  testing  to  determine  the  volume  of  soil  that  can  be  oxygenated 
at  a  given  flow  rate  and  VW  screen  configuration. 

Table  3.3  presents  the  change  in  soil  gas  oxygen  levels  that  occurred  during  the 
2.33-hour  air  injection  test  at  the  site.  The  air  injection  period  at  62  scfm  produced 
changes  in  soil  gas  oxygen  levels  at  a  distance  of  at  least  30  feet  from  the  central 
VW.  Oxygen  level  increases  were  measured  at  MPA- 15,  MPA-24,  MPB-24,  MPC-6, 
and  MPC-24.  Oxygen  level  decreases  were  measured  at  MPA-6,  MPB-6,  MPB-15 
and  at  MPC-15  due  to  movement  of  oxygen-depleted  soil  gas  from  areas  of  greater 
contamination. 

Based  on  measured  pressure  response,  which  is  an  indicator  of  long-term  oxygen 
transport,  and  changes  in  oxygen  levels,  it  is  anticipated  that  the  radius  of  influence 
for  a  long-term  bioventing  system  at  this  site  will  exceed  30  feet  at  all  depths. 
Monitoring  during  the  extended  pilot  test  at  this  site  will  better  define  the  effective 
treatment  radius  of  VW-1. 

3.4.  In  Situ  Respiration  Rates 

The  in  situ  respiration  test  was  performed  by  injecting  an  approximate  3  percent 
mixture  of  helium  in  air  (oxygen)  into  four  MP  screened  intervals  (MPA- 15,  MPB- 
24,  MPC-15,  and  MPC-24)  for  an  approximate  8-hour  period.  Oxygen  loss  and 
other  changes  in  soil  gas  composition  over  time  were  then  measured  at  these  points. 
Oxygen,  TVH,  helium,  and  carbon  dioxide  were  measured  for  a  period  of  56  hours 
following  the  initial  measurement.  The  measured  oxygen  loss  was  then  used  to 
calculate  the  biological  oxygen  utilization  rate.  The  results  of  in  situ  respiration 
testing  at  this  site  are  presented  in  Figures  3.1  through  3.5.  Table  3.4  provides  a 
summary  of  the  oxygen  utilization  rates. 

Because  of  a  loss  of  generator  power,  the  injection  of  the  helium/air  mixture  was 
interrupted  sometime  between  2200  hours  on  8  April  1993  and  0700  hours  on 
9  April  1993.  Because  oxygen  levels  in  all  the  MPs  were  above  19.5  percent,  and  the 
carbon  dioxide  levels  were  only  0.05  percent  at  0800  on  9  April  1993,  the  initial 
slope  of  the  respiration  curve  was  not  lost  for  any  of  the  MPs.  Therefore,  ES 
believes  the  reported  respiration  rates  are  representative  of  shallow  subsurface 
conditions  at  this  site. 

Because  helium  is  a  conservative,  inert  gas,  the  change  in  helium  concentration 
over  time  can  be  useful  in  determining  the  effectiveness  of  the  bentonite  seals 
between  MP  screened  intervals.  Helium  recovery  was  somewhat  erratic,  but 
because  the  observed  helium  loss  was  generally  less  than  75  percent  of  its  initial 
concentration  in  the  initial  1,000  minutes,  and  because  helium  will  diffuse 
approximately  three  times  faster  than  oxygen,  the  measured  oxygen  loss  is  assumed 
to  be  the  result  of  bacterial  respiration  and  not  due  to  diffusion  or  faulty  MP 
construction. 

Results  from  this  test  indicate  that  MPA-15,  MPB-24,  MPC-15,  and  MPC-24  all 
had  significant  soil  hydrocarbon  contamination.  Except  for  MPB-24,  which  had  an 
initial  oxygen  concentration  of  3.5  percent,  all  of  these  points  had  initial  oxygen 
concentrations  below  2  percent.  The  initial  soil  gas  collected  from  MPB-24  had  a 
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TABLE  3.3 

INFLUENCE  OF  AIR  INJECTION  AT  VENT  WELL 
ON  MONITORING  POINT  OXYGEN  LEVELS 
FORMER  FIRE  TRAINING  AREA  (FT-13) 
KIRTLAND  AFB,  NEW  MEXICO 


MP 

Distance 

From  VW  (ft) 

Depth(ft) 

Initial  Oi(%) 

Final  O 2(%)a/ 

A 

10.0 

6 

20.0 

18.2 

A 

10.0 

15 

0.8 

9.5 

A 

10.0 

24 

14.0 

20.5 

B 

20.0 

6 

20.0 

7.6 

B 

20.0 

15 

10.0 

0.8 

B 

20.0 

24 

3.5 

20.0 

C 

30.0 

6 

10.0 

11.0 

C 

30.0 

15 

1.5 

0.0 

C 

30.0 

24 

1.5 

3.0 

a/ 


Duration  of  air  injection  =  2.33  hours. 


Figure  3.1 
Respiration  Test 

Oxygen  and  Helium  Concentrations 
Site  FT-13,  VW-1 
Kirtland  AFB,  NM 


Time  (minutes  x  1000) 


TABLE  3.4 

OXYGEN  UTILIZATION  RATES 
FORMER  FIRE  TRAINING  AREA  (FT-13) 
KIRTLAND  AFB,  NEW  MEXICO 


MP 

02Lossa/ 

(%) 

Test 

Duration 

(min) 

0  2Utilization  a/ 

Rate 

(%/min) 

VW 

7.2 

5270 

0.0012 

MPA- 15 

3.7 

3360 

0.0011 

MPB-24 

3.2 

3360 

0.0009 

MPC-15 

8.7 

3360 

0.0027 

MPC-24 

4.0 

3280 

0.0013 

a/ 


Values  based  on  linear  regression  (Figures  3.1  through  3.6  ). 


TVH  concentration  of  13,000  part  per  million,  volume  per  volume  (ppmv)  (Table 
3.1).  Oxygen  loss  during  the  respiration  test  occurred  at  slow  rates,  ranging  from 
0.0027  percent  per  minute  at  MPC-15  to  0.0009  percent  per  minute  at  MPB-24. 

Based  on  these  oxygen  utilization  rates,  an  estimated  246  to  690  milligrams  (mg) 
of  fuel  per  kilogram  (kg)  of  soil  can  be  degraded  each  year  at  this  site.  These 
estimates  are  based  on  an  average  air-filled  porosity  of  approximately  0.24  liters  per 
kg  of  soil,  and  a  conservative  ratio  of  3.5  mg  of  oxygen  consumed  for  every  1  mg  of 
fuel  biodegraded.  Actual  rates  may  exceed  these  estimates. 

3.5  Potential  Air  Emissions 

The  long-term  potential  for  VOC  emissions  from  full-scale  bioventing  operations 
at  this  site  is  low  because  of  the  concrete  cap;  the  relatively  impermeable  clayey  soil 
overlying  the  shallow  silts,  sands,  and  gravels;  and  the  low  air  injection  rates. 
Emissions  should  be  minimal  because  accumulated  vapors  will  move  slowly  outward 
from  the  air  injection  point  and  will  be  biodegraded  as  they  move  horizontally 
through  the  soil.  To  confirm  this,  a  GasTech®  total  hydrocarbon  analyzer  was  used 
to  monitor  the  breathing  zone  during  the  2-hour  air  injection  test.  This  health  and 
safety  monitoring  of  ambient  air  indicated  no  emissions  of  VOCs  in  excess  of  1 
ppmv. 

4.0  RECOMMENDATIONS 
4.1  Site  FT-13 

Initial  bioventing  tests  at  former  Fire  Training  Area  FT-13,  Kirtland  AFB, 
indicate  that  oxygen  has  been  depleted  in  the  contaminated  soils,  and  that  air 
injection  is  an  effective  method  of  increasing  aerobic  fuel  biodegradation.  AFCEE 
has  recommended  that  air  injection  continue  at  this  site  to  determine  the  long-term 
radius  of  oxygen  influence  and  the  effects  of  time,  available  nutrients,  and  changing 
temperatures  on  fuel  biodegradation  rates. 

A  small,  1-horsepower  regenerative  blower  has  been  installed  at  the  site  to 
continue  air  injection  at  a  rate  of  approximately  40  scfm.  In  July  and  October  1993 
and  January,  1994  ES  will  return  to  the  site  to  sample  and  analyze  the  soil  gas  and 
conduct  a  repeat  respiration  test.  In  April  1994,  a  final  respiration  test  will  be 
conducted,  and  soil  and  soil  gas  samples  will  be  collected  from  the  site  to  determine 
the  degree  of  remediation  achieved  during  the  first  year  of  in  situ  treatment. 

Based  on  the  results  of  the  first  year  of  pilot-scale  bioventing,  AFCEE  will 
recommend  one  of  three  options: 

1.  Upgrade,  if  necessary,  and  continue  operation  of  the  bioventing  system  for 
full-scale  remediation  of  the  site.  AFCEE  can  assist  the  base  in  obtaining 
regulatory  approval  for  upgrading  and  continued  operation. 

2.  If  final  soil  sampling  indicates  significant  contaminant  removal  has  occurred, 
AFCEE  may  recommend  additional  sampling  to  confirm  that  cleanup  criteria 
have  been  achieved. 
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3.  If  significant  difficulties  or  poor  results  are  encountered  during  bioventing  at 
this  site,  AFCEE  may  recommend  removal  of  the  blower  system  and  proper 
abandonment  of  the  VW  and  MPs. 

4.2  Manzano  Site  FT- 14 

Installation  of  a  pilot-scale  bioventing  system  at  the  Manzano  fire  training  area 
FT- 14  should  be  deferred  until  further  site  characterization  can  be  completed. 
Based  on  initial  soil  and  soil  gas  sampling  at  this  site,  petroleum  contamination 
appears  to  be  limited  to  the  near-surface  soils  at  the  western  fire  training  pit.  Soil 
gas  oxygen  levels  in  the  upper  eight  feet  of  both  pits  were  in  excess  of  2  percent, 
indicating  that  natural  biodegradation  is  occurring  without  the  enhancement  of 
forced  air  injection. 

5.0  REFERENCES 
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(NOT  TO  SCALE) 


FIGURE  2.4 


EXAMPLE  OF 
MONITORING  WELL 
INSTALLATION  RECORD 


ENGINEERING-SCIENCE,  INC. 

Denver,  Colorado 


STABIUZED  WATER  LEVEL 
BELOW  DATUM. 

MEASURED  ON  - 


FEET 


CHAIN  OF  CUSTOutf  RECORD 


CHAIN  OF  CUSTOuY  RECORD  ; _ ^ 


Kirtland  AFB  Site  FT- 13  _ _ 

Biodegradation  Rate  Calculations  |  enter  data  [[calculated  data  1 

Formula:  Kb  =  K0  x  1/1 00%  x  A  x  D0  x  C  Where: 

Kh  =  fuel  biodegradation  rate 

Kc  =  02  utilization  rate  (%/min.) 

A  =  volume  of  air/kg  soil 

D0  =  02  density  1 340  mg/L 

C  =  Carbon/02  ratio  for  hexane  mineralization  =  1/3.5 


Test  Results: 

MPA-15 

K0  =  max.  observed  rate 

0.001 1 

%/min 

w  =  moisture  content 

7 

% 

Assume:  Soil  properties  for  Mixed -grained  sand  |  Specify  from 

Table  1.4  (Ref.  Foundation  Engineering,  Peck,  Hanson,  and  Thornburn, 
John  Wiley  Press,  1 974) 


Porosity: 

Unit  weight  (dry): 
Void  ratio: 
Specific  gravity: 


n  = 

0.35 

?d  = 

1.67 

e  =  n/1  -n  = 

0.54 

G  =• 

2.65 

Calculate  A  =  Air  filled  volume  (Va)/unit  wt. 
Solving  for  1  liter  of  soil 


a) 


Vv  =  void  volume 


b)  Sr  =  Gw/e 

Sr  = 


Sr  =  degree  of  saturation 


Vw  =  volume  of  water 


d)  V  =  V  -  V 

/  a  v  VW  r . . . - . . - - - 

Va  =  1  0.231  liters  Vw  =  volume  of  water 

e)  Bulk  density  =  Ed  +  (Vw  x  gw)  =  |  1 .8 1  kg/I  soil 

f)  A  =  Va/Bulk  density  =  0. 128 1  I  air/kg  soil 

Kh  =  K0  x  1  /1 00%  x  A  x  D0  x  C  x  525,600  min/yr  =  294]  mg  TPH/year 


afcee1/klmpa15.wk1/06-08-93 


Kirtland  AFB  Site  FT- 13 
Biodegradation  Rate  Calculations 


enter  data 


calculated  data 


Formula:  K,,  =  K0  x  1/1 00%  x  A  x  D0  x  C  Where: 

Kh  =  fuel  biodegradation  rate 

K0  =  02  utilization  rate  (%/min.) 
A  =  volume  of  air/kg  soil 


D0  =  02  density  1 340  mg/L 
C  =  Carbon/O,  ratio  for  hexane  mineralization  =  1/3.5 


Test  Results: 

MPB-24 

K0  =  max.  observed  rate 

0.0009 

w  =  moisture  content 

6 

%/min. 

% 


Assume: 


Soil  properties  for  Mixed-grained  sand  |  Specify  from 

Table  1.4  (Ref.  Foundation  Engineering,  Peck,  Hanson,  and  Thornburn, 

John  Wiley  Press,  1 974) 


Porosity: 

Unit  weight  (dry): 
Void  ratio: 
Specific  gravity: 


1.67 


n  = 

8d  = 

e  =  n/1-n=  0.54 

G  =  2.65 


0.35 


Calculate  A  =  Air  filled  volume  (Va)/unit  wt. 

Solving  for  1  liter  of  soil 
a)  V  =  n  *  1  L 

li - il 

liters 


Vv  = 


0.35 


V„  =  void  volume 


b)  Sr  =  Gw/e 

S  = 


0.29 


Sr  =  degree  of  saturation 


c)  Vw  =  Sr  x  Vv 


Vw  = 


0.1 


liters  Vw  =  volume  of  water 


d)  Va  =  Vv  -  Vv 
V  = 


0.25 


liters  Vw  =  volume  of  water 


e)  Bulk  density  =  gd  +  (Vw  x  %)  =  1.8  II  kg/I  soil 


f)  A  =  Va/Bulk  density  = 


0. 1 39 1  I  air/kg  soil 


Kj,  =  K0  x  1/1 00%  x  A  x  D0  x  C  x  525,600  min/yr  = 


246 


mg  TPH/year 


af  cee  1  /klvmp  b  24.  wk 1  /06 -  08  - 93 


Kirtland  AFB  Site  FT- 13 
Biodegradation  Rate  Calculations 


enter  data 


calculated  data 


Formula: 


Kj,  =  K0  x  1  /1 00%  x  A  x  D0  x  C  Where: 

=  fuel  biodegradation  rate 

K0  =  02  utilization  rate  (%/min.) 

A  =  volume  of  air/kg  soil 

D0  =  02  density  1 340  mg/L 
C  =  Carbon/02  ratio  for  hexane  mineralization 


Test  Results: 

MPC-15 

K0  =  max.  observed  rate 

0.0027 

w  =  moisture  content 

7 

1/3.5 
%/min. 


% 


Assume: 


Soil  properties  for  Mixed -grained  sand  J  Specify  from 

Table  1.4  (Ref.  Foundation  Engineering,  Peck,  Hanson,  and  Thornburn, 

John  Wiley  Press,  1 974) 


Porosity: 

Unit  weight  (dry): 
Void  ratio: 
Specific  gravity: 


n  = 

8d  = 

e  =  n/1  -n  = 
G  = 


0.35 


1.67 


0.54 

2.65 


Calculate  A  =  Air  filled  volume  (Va)/unit  wt. 

Solving  for  1  liter  of  soil 
a)  Vv  =  n  *  1  L 

liters 


Vv  = 


0.35 


b)  Sr  =  Gw/e 


Sr  = 


0.34 


c)  Vw  =  Sr  x  Vv 

Vw  = 

d)  V  =  Vv  -  V, 


0.12 


a  v  vw 


0.23 


V„  =  void  volume 


Sr  =  degree  of  saturation 


liters  Vw  =  volume  of  water 


liters  Vw  =  volume  of  water 


e)  Bulk  density  =  8d  +  (Vw  x  8w)  = 

f)  A  =  Va/Bulk  density  = 


1 .8 1  kg/I  soil 


0.128|  I  air/kg  soil 


^  =  Kc  x  1/1 00%  x  A  x  D0  x  C  x  525,600  min/yr  = 


690 


mg  TPH/year 


afceel  /klvmpcl  5.  wkl  /06-  08-  93 


Kirtland  AFB  Site  FT- 13 
Biodegradation  Rate  Calculations 


enter  data 


calculated  data 


Formula: 


K,,  =  K0  x  1/1 00%  x  A  x  D0  x  C  Where: 

K,,  =  fuel  biodegradation  rate 

K0  =  02  utilization  rate  (%/min.) 

A  =  volume  of  air/kg  soil 

D0  =  02  density  1340  mg/L 
C  =  Carbon/02  ratio  for  hexane  mineralization  =  1/3.5 


Test  Results: 

MPC-24 

K0  =  max.  observed  rate 

0.0013 

w  =  moisture  content 

6 

%/min. 


% 


Assume: 


Soil  properties  for  Mixed- grained  sand  |  Specify  from 


Table  1.4  (Ref.  Foundation  Engineering,  Peck,  Hanson,  and  Thornburn, 
John  Wiley  Press,  1974) 


Porosity: 

Unit  weight  (dry): 
Void  ratio: 
Specific  gravity: 


n  = 

8d  = 

e  =  n/1  -n  = 
G  = 


0.35 


1.67 


0.54 

2.65 


Calculate  A  =  Air  filled  volume  (Va)/unit  wt. 

Solving  for  1  liter  of  soil 
a)  V  =  n  *  1  L 

ir - il 

liters 


Vv  = 


0.35 


b)  Sr  =  Gw/e 

Sr  = 

c)  Vw  =  Sr  x  Vv 

Vw  = 

d)  Va  =  Vv-Vw 

Va  = 


0.29 


0.1 


0.25 


V„  =  void  volume 


Sr  =  degree  of  saturation 


liters  Vw  =  volume  of  water 


liters  Vw  =  volume  of  water 


e)  Bulk  density  =  8d  +  (Vw  x  8w)  = 

f)  A  =  Va/Bulk  density  = 


1.8 


kg/I  soil 


0.1391  I  air/kg  soil 


Kh  =  K0  x  1  /1 00%  x  A  x  D0  x  C  x  525,600  min/yr  = 


355 


mg  TPH/year 


afceel  /klvm  pc24 .  wk 1  /06 -  08 -  93 


Hyperventilate©  1991 


Air  Permeability  Test  -  Data  Analysis  (cont.) 


Enter  radial  _ 

©  distances  of 

monitoring  points 

__  Enter  measured  — i 
(2)  times  and  gauge 
vacuums 

CD  Enter  (optional): 

a)  fld’wrate 

62  |(SCFM) 

1))  screened  interval 
thickness 


— >Calculate<~ 


(min)  (in  H20) 


0 

.2  O 

1 

.2 

2 

.5  j|| 

3 

.9  II 

4 

1.3  II 

5 

1.65  HI 

6 

2.05  II 

7 

2.4  (I 

8 

2.7  jJI 

9 

2.95  <} 

21.7488  dairy  (A) 
13.9147  I  dare v  (B) 


(min)  (in  H20) 


0 

0  O 

1 

2.2 

2 

3.2  II 

3 

3.7  II 

4 

4  j|| 

5 

4.2  II 

6 

4.4  ill 

7 

4.5  HI 

8 

4.65  II 

9 

4.75  <} 

r=  | _ |  (ft) 

(min)  (in  H20) 


k=  35.0639  darcy(A)  k= 
k=  [493.897  Idarcy(B)  k= 


Explanation  &  Statistics  1  APS 


Hyperventilate©  1991 


Air  Permeability  Test  -  Data  Analysis  (cont.) 


Enter  radial  _ 

©  distances  of 

monitoring  points 

__  Enter  measured  — i 
QT)  times  and  gauge 
vacuums 

CD  Enter  (optional): 

a)  flcwrate 

62  l(SCFM) 

b)  screened  interval 
thickness 


(min)  (in  H20) 


0 

.1  O 

0.5 

0.2 

2 

0.2  II 

4 

0.9  Hi 

5 

1.3  HI 

6 

1.4  II 

7 

1.6  HI 

8 

1.8  II 

9 

1.9  Jl 

10 

1.9  <> 

42.4598  darcy(A) 
53.5341  darcy(B) 


*=l_ 

(min) 


(inH20) 


0 

0  <> 

0.5 

0.9 

2 

1.3  || 

3 

1.7  HI 

4 

1.9  (I 

5 

2.3  Ilf 

6 

2.2  II 

7 

2.4  II 

8 

2.5  j| 

9 

2.6 

I _ I W 

(min)  (in  H20) 


k=  45.1674  darcy(A)  k= 
k=  1 221.061  Idarcy(B)  k= 


Hyperventilate©  1991 


Air  Permeability  Test  -  Data  Analysis  (cont.) 


Enter  redial  _ 

©  distances  of 

monitoring  points 

Enter  measured  — i 
(2)  times  and  gauge 
vacuums 

Enter  (optional): 

a)  flowrate 

62  ](SCFM) 

h)  screened  interval 
thickness 


— >Calculate<- 


(min)  (in  H20) 


0 

0  O 

1 

3.1 

2 

4.3  HI 

3 

4.9  Hi 

4 

5.3  HI 

5 

5.6  II 

6 

5-8  II 

7 

5.9  II 

8 

6.1  j| 

9 

6.3 

26.8690  darcy(A) 
133.933  IdarcvfB) 


r=  L_ 
(min) 


(inH20) 


0 

0 

1 

5.0 

2 

5.9  HI 

3 

6.6  ill 

4 

6.8  II 

5 

6.9  II 

6 

7.1 11 

7 

7.3  || 

8 

7.4  U 

9 

7.5 

r=  I _ |  (ft) 

(min)  (in  H20) 


(  clear  > 


k=  32.7949  darcy(A)  k= 
k=  2232.96  darcy(B)  k= 
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APPENDIX  B 
O&M  INSTRUCTIONS 


APPENDIX  B 


OPERATION  AND  MAINTENANCE  INSTRUCTIONS 


1.0  BLOWER/MOTOR  MAINTENANCE 

A  Gast®  regenerative  blower,  model  number  R4110N-50,  has  been  installed  at 
Site  FT-13.  Blower  performance  curves  for  model  R4110A-2,  which  are  identical  to 
those  of  R4110N-50,  are  included  in  this  appendix.  The  blower  and  motor  are 
relatively  maintenance  free.  There  is  no  lubrication  required  because  the  blower 
and  motor  have  sealed  bearings.  If  a  blower  system  is  in  need  of  repair,  please 
contact  Todd  Wiedemeier  of  Engineering-Science,  Inc.  (ES)  in  Denver,  Colorado  at 
(303)  831-8100. 

2.0  FILTER  MAINTENANCE 

To  avoid  damage  caused  by  passing  solids  through  the  blower,  an  air  filter  has 
been  installed  inline  before  the  blower.  By  design,  Gast®  regenerative  blowers  are 
able  to  ingest  small  quantities  of  particles  without  damage.  However,  continuous 
ingestion  of  solids  will  damage  or  imbalance  the  impellers.  The  inline  air  filter  will 
prevent  solids  from  entering  the  blower  and  is  rated  at  99  percent  efficiency  to  10 
microns. 

The  filter  element  is  a  polyester  cloth  and  is  cleanable  and  replaceable.  The 
filter  should  be  checked  weekly  for  the  first  2  months  of  operation.  The  air  filter 
should  be  cleaned  or  replaced  when  the  pressure  difference  across  the  filter  reaches 
15  to  20  inches  of  water.  It  will  be  the  responsibility  of  Kirtland  Air  Force  Base 
(AFB)  personnel  to  determine  the  best  schedule  for  filter  cleaning  and/or 
replacement  depending  on  the  results  of  the  initial  observations. 

The  filter  can  be  checked  after  turning  off  the  blower  system.  To  remove  the 
filter,  loosen  the  clamps,  lift  the  metal  top  off  of  the  air  filter,  and  lift  the  air  filter 
from  the  metal  housing.  When  replacing  the  filter,  be  careful  to  ensure  that  the 
rubber  seals  remain  in  place.  ES  has  provided  Kirtland  AFB  with  a  supply  of  air 
filters  for  the  next  year  of  blower  operation.  Should  additional  air  filters  be 
required,  they  can  be  ordered  from  Solberg  Manufacturing,  Inc.  in  Itasca,  Illinois. 
Their  phone  number  is  (708)  773-1363.  It  is  recommended  that  Kirtland  AJFB  keep 
a  spare  air  filter  at  each  site. 


B-l 


551/A7-20-7 


3.0  BLOWER  PERFORMANCE  MONITORING 

To  monitor  the  blower  performance,  vacuum,  pressure,  and  temperature  must  be 
measured.  These  data  should  be  recorded  on  the  data  collection  sheets  provided. 
All  measurements  will  be  taken  at  the  same  time  while  the  system  is  running. 

3.1  Pressure/Vacuum 

Open  the  shed  roof  and  record  the  pressure  and  vacuum  readings  directly  from 
the  gauges  in  inches  of  water.  Pressure  readings  are  necessary  to  determine  design 
parameters,  and  to  verify  that  the  blower  is  operating  correctly.  Vacuum  readings 
are  necessary  to  assure  that  the  filter  is  clean.  Record  the  measurements  on  the 
data  collection  sheet  provided. 

3.2  Temperature 

Open  the  shed  roof  and  record  the  temperature  readings  directly  from  the  gauges 
in  degrees  Fahrenheit  (°F).  Record  the  measurements  on  the  data  collection  sheet 
provided.  Temperature  readings  are  necessary  to  verify  that  the  blower  is  operating 
correctly.  The  temperature  should  remain  relatively  constant  with  time.  Should  the 
temperature  rise  substantially  in  a  short  period  of  time,  a  problem  may  exist  within 
the  blower.  Ambient  air  temperature  fluctuations  will  affect  the  temperature 
readings  but  the  temperature  rise  across  the  blower  should  not  vary  by  more  than 
20°F. 

4.0  MONITORING  SCHEDULE 

The  following  monitoring  schedule  is  recommended  for  this  system.  During  the 
initial  months  of  operation,  more  frequent  monitoring  is  recommended  to  ensure 
that  any  start  up  problems  are  quickly  corrected.  Data  collection  sheets  have  been 
provided  for  use  by  Kirtland  AFB  personnel  during  data  collection. 


Monitoring  Item  Monitoring  Frequency 

Blower  vacuum  and  temperature  Weekly. 

Filter  change  As  required.  When  vacuum  across  filter 

exceeds  15  inches  of  H2O. 
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R4  Series 


MODEL  R4110-2 

48"  H20  MAX.  VAC.,  88  CFM  OPEN  FLOW 


PRODUCT  FEATURES 


►  Oilless  operation 
» TEFC  motor  mounted 

•  Can  be  mounted  in  any  plane 

»  Rugged  construction /low  maintenance 

*  Can  be  operated  blanked-off 


COMMON  MOTOR  OPTIONS _ 

•  1 15/208-230V,  60  Hz;  1 10  220-240V,  50  Hz.  single  phase 

•  208-230/460V.  60  Hz;  ISO-230  380-4 15V.  50  Hz.  three  phase 

•  575V.  60  Hz,  three  phase 


RECOMMENDED  ACCESSORIES 

•  Vacuum  gauge  AJ497 

•  Automotive-type  filter  AG337 

•  Muffler  AJt  21 D 

•  Relief  valve  AG2S8 

Vanous  brand  name  motors  are  used  on  any  model  at  the 
discretion  of  Cast  Mfg.  Corp. 


Product  Dimensions  Metric  (mm)  U.S.  Imperial  (inches) 


Important  Notice: 


Pictorial  and  dimensional  data  is  subject  to  change  without 
notice. 


89 


Product  Specifications 


Model  Number 

Hz 

Motor  Specs 

HP 

RPM 

Max  Vac 
"H,0  |  mbar 

Max 

cfm 

Flow 

m3h 

Net  Wt. 
lbs.  |  kg 

R4110-2 

50 

110/220-240-50-1 

0.6 

2850 

34 

122 

41 

18.6 

60 

115/208-230-60-1 

1.0 

3450 

150 

R4310A-2 

50 

190-220/380-415-50-3 

0.6 

2850 

34 

924 

72 

122 

41 

18,6 

60 

208-230/460-3 

1.0 

3450 

48 

895 

88  - 

150 

Product  Performance  (Metric  U.S.  Imperial) 


Black  line  on  curve  is  for  60  cycle  performance. 
Blue  line  on  curve  is  for  50  cycle  performance. 


0  30  60  90  120  150  180 

FREE  AIR  FLOW  (m3/h) 


FREE  AIR  FLOW  (CFM) 

•Maximum  achievable  static  oressure  under  continuous  ooeration. 


